Background: Non-alcoholic steatohepatitis (NASH) is one of the chronic liver diseases that can develop into hepatocirrhosis. The purpose of the present study was to investigate the impact of lipopolysaccharide (LPS) from Porphyromonas gingivalis (P. gingivalis) on NASH onset, and to determine the biodistribution of double-radiolabeled LPS (R-LPS) biosynthesized in P. gingivalis.
is followed by various liver injury factors as "the second hit" to induce the progression to NASH. 7 Previous epidemiologic and animal studies have reported that P. gingivalis, a primary periodontopathic bacterium, 8, 9 plays an important role in the relationship between periodontitis and NASH. 10, 11 We have demonstrated that experimental P. gingivalis periodontal infection led to NASH progression in rats with fatty liver. 12 Although P. gingivalis was not observed in either the blood or liver, significant levels of endotoxin were detected in the blood.
Endotoxins are the lipopolysaccharide (LPS) component of the outer cell membrane of Gram-negative bacteria and are normally introduced into the body following the ingestion and breakdown of these bacteria. Endotoxin effects are observed principally in the primary infected tissue and the liver. 13 In mammals, sensitivity toward endotoxin is achieved by ordered interactions of the endotoxin with several different extracellular and cell surface proteins, including CD14, MD-2, and Tolllike receptor 4 (TLR4). 14 This causes cytokine release that mediates blood vessel damage and decreases vascular resistance, and leads to organ collapse. 15 LPS derived from enterobacteria is also known to be an important inducer of NASH. 16, 17 In high-fat diet fed murine models, low-dose LPS from Escherichia coli accelerated hepatic inflammation and fibrosis. 18, 19 In addition, Kador et al. 20 and Chang et al. 21 have demonstrated various biologic activities of LPS from P. gingivalis (P. gingivalis-LPS) on periodontal inflammation using in vivo study but did not assess these activities on systemic organs, including liver.
On the other hand, few studies have focused on the in vivo dynamics of LPS. Recently, Kim et al. 22 reported that intraperitoneally injected radiolabeled LPS from Salmonella typhimurium accumulated in the liver of rats. However, studies on histologic effects and biodistribution of P. gingivalis-LPS in obese and diabetic rats have not yet been reported. Accordingly, we injected P. gingivalis-LPS via the oral palatal mucosa to evaluate the impact of LPS on NASH progression. Furthermore, to analyze the pharmacokinetics in rats fed with a high-fat diet, we labeled LPS with both 3 H and 14 C, and determined distributions of radiolabeled-LPS from the palatal mucosa to various organs, including the maxilla and liver.
MATERIALS AND METHODS

Experimental design
All experimental procedures were approved by the animal care committee of the School of Life Dentistry at The Nippon Dental University, Tokyo (permission number: .
To estimate the histologic effects and biodistribution of P. gingivalis-lipopolysaccharide (LPS) injected into the oral cavity, 76 8-week-old male Wistar rats (Wistar rats CLEA Japan, Osaka, Japan) were used for two experiments (A and B) in this study as follow (Figure 1 ). a. Unlabeled LPS experiment (n = 28): This experiment was carried out to establish the effect of LPS on the maxilla and liver of obese rats. Fourteen rats were fed either a highfat diet (60% fat) (high-fat diet, basal diet, Research Diets, Brunswick, NJ) or a basal diet (10% fat) for 12 weeks and injected daily with or without LPS for the final 10 days. The experimental groups were named as BD/LPS (-), BD/LPS (+), HD/LPS (-), and HD/LPS (+), respectively. Each group comprised seven rats ( Figure 1A ).
b. Radiolabeled LPS (R-LPS) experiment (n = 48): This experiment was carried out to assess distribution of LPS in maxilla, organs, and blood of obese rats injected with R-LPS biosynthesized with 3 H and 14 C. After 24 rats were fed either HD or BD for 4 weeks, all 48 rats were injected with R-LPS. BD/R-LPS or HD/R-LPS group was divided into 4 time-course groups (6 animals/group) ( Figure 1B ). 22 SCD medium, consisting of 1.7% hipolypepton, 0.3% hipolypepton S, 0.25% sodium chloride, and 0.5% disodium phosphate, at pH 7.10-7.50, was sterilized in culture flasks. Hemin (5 g/mL) and 0.5 g/mL menadione were sterilized separately and added sequentially to SCD immediately before incubation.
Cultivation of P. gingivalis for synthesis of LPS or R-LPS
The SCD medium was then inoculated with 10 10 to 10 11 colony forming units of P. gingivalis culture per 20 mL of medium and incubated at 37 • C. The culture was monitored using a spectrophotometer until the optical density (OD 600 ) reached 0.02 to 0.04 (early logarithmic phase). The culture was then supplemented with or without 1.20 MBq/mL of 3 H-sodium acetate salt and 14.1 kBq/mL of 14 C-N-acetyl-Dglucosamine. The culture was then placed back in the incubator until it reached an OD 600 of 0.8 to 1.0 (late logarithmic phase).
The P. gingivalis suspensions were then harvested by centrifugation at 10,000 × g for 20 minutes at 4 • C. The collected cells were washed twice with LPS-free water, followed by successive treatment with 30% ethanol, 90% ethanol, 
Extraction of LPS or R-LPS from P. gingivalis
According to the hot phenol-water method, 23 3 mL of hot 45% phenol was added to the dried P. gingivalis (50 mg) and mixed vigorously at 68 • C using a blender, alternating with cooling on ice. The homogenates were centrifuged at 200,000 × g for 30 minutes at 4 • C using an ultracentrifuge (CP 70MX, Hitachi, Ltd. Tokyo, Japan). The residue was mixed with 3 mL of hot water and centrifuged, and the crude LPS in these supernatants was dialyzed in ultra-pure water.
Purification of LPS or R-LPS
The crude LPS or R-LPS was incubated with DNase (10 U/mL) for 18 hours at 37 • C in 50 mM Tris-HCl, pH 7.4 with 1 mM MgCl 2 . The reaction mixture was dialyzed against ultra-pure water overnight at 4 • C. Purification of the dialyzed LPS was performed three times by repeated ultracentrifugation at 200,000 × g for 16 hours at 4 • C. The LPS or R-LPS in the sediment was lyophilized, weighed, and stored at -80 • C. The R-LPS contained 3 H (39.5 kBq/mg) and 14 C (0.294 kBq/mg). The purified P. gingivalis-LPS was assayed using a Limulus-amoebocyte-lysate-assay (Endospecy ES-50 M kit, Seikagaku Corp., Tokyo, Japan), and was expressed as dry weight and endotoxin unit (EU). One hundred milliliters of P. gingivalis yielded 51.0 mg of the bacteria and produced 4.35 mg (6.11 × 10 6 EU) of LPS.
SDS-PAGE of purified LPS and R-LPS
Sodium-dodecyl-sulfate polyacrylamide-gel-electrophoresis (SDS-PAGE) of the purified LPS or R-LPS was performed according to Paramonov et al. 24 using a 12% separation gel. LPS samples (12 g/0.478 kBq/lane) were treated with nonreduced SDS-sample buffer for 3 minutes at 100 • C. After electrophoresis, silver staining was performed using a silver staining procedure.
Administration of LPS or R-LPS
LPS or R-LPS was injected into the palatine gingiva 2 mm away to center from the mesial gingival margin of the right maxillary first molar ( Figure 1C ) of BD or HD rats in a state of open mouth using Hashimoto's gag (Hashimoto's gag, Nonaka Rikaki, Tokyo, Japan) and a microsyringe with a 31G needle according to Hashimoto et al. 25 Animals were fasted overnight before administration of LPS. Rats (BD; 463 ± 20, HD; 513 ± 28 g body weight) were anesthetized with intraperitoneal injection of sodium pentobarbital (50 mg/kg) before LPS administration.
Ten microliters of saline or unlabeled LPS (20 g, 2.81 × 10 4 endotoxin unit; EU) was injected daily for 10 days to the BD and HD rats ( Figure 1A ). R-LPS ( 3 H; 4.84 kBq and 14 C; 36.0 Bq/122 g/1.72 × 10 5 EU/10 L) was injected once to the BD and HD rats ( Figure 1B ).
Histopathological analysis of the maxilla and liver
Histopathological analysis of the maxilla and liver was performed according to Kuraji et al. 12, 26 Rats were sacrificed following injection of LPS. The right maxilla and caudate lobe of the liver were extracted. The maxilla was decalcified in 10% ethylenediaminetetraacetic acid for 4 weeks and then embedded in paraffin. Sagittal sections (5 m), parallel to the plane including the distal root of the first molar and the mesial root of the second molar, were prepared from the palatal view using a microtome. Samples were stained with hematoxylin and eosin (H-E) for histologic observation.
The caudate liver was fixed in 3% paraformaldehyde solution for 48 h and then embedded into a paraffin block. The 4-m paraffin sections were stained with H-E. Furthermore, NAFLD activity score (NAS) of the H-E stained liver sections was evaluated in accordance with the definition of Kleiner et al. 27 Total NAS in individual rats was calculated as the sum of three scores of steatosis, inflammation, and cell injury with ballooning, and shown as the average and standard deviation of intra-group (n = 7).
In vivo distribution of R-LPS
Following R-LPS administration, the rats were decapitated at 5, 30, 60 minutes, and 24 hours. The palatal mucosa was peeled off from the maxilla and split into two regions to the right (1; palatal mucosa R) and left (2; platal mucosa L) ( Figure 1C ). The remaining maxilla was divided into six regions (3; incisive region R, 4; incisive region L, 5; maxillary region R, 6; maxillary region L, 7; soft-palatal region R, 8; soft-palatal region L). Rat organs (brain, liver, kidney, and spleen) and blood were collected from individual rats at the same time after R-LPS administration. Serum (100 L) was separated and processed for radioisotope determination. All tissue samples were weighed and digested in 1.0 mL of a solubilizer at 60 • C for at least 2 h. Radioactivity (sum of 3 H and 14 C) in the solubilized samples was analyzed by liquid scintillation spectrometry (CP 70MX, Hitachi, Ltd. Tokyo, Japan).
Autoradiogram analysis of R-LPS in the maxilla
The maxilla was excised from each rat at 5 or 60 minutes after the injection of R-LPS according to the method described F I G U R E 2 Sodium dodecyl sulfate polyacrylamide gel electrophoresis (SDS-PAGE) of LPS or R-LPS. The acrylamide gels were silver-stained (a: molecular weight marker, b: P. gingivalis, c: purified LPS, d: standard P. gingivalis-LPS). The radiolabeled state of LPS was confirmed by autoradiography (e; purified R-LPS). The standard LPS of P. gingivalis (strain ATCC33277) was positive control (P.gingivalis-1690, Astarte Biologics, Bothell, WA). Then, the acrylamide gel was dried for autoradiography as described below. Seventy percent or more of the radioisotopes in the gel were incorporated in the main LPS bands with a molecular weight of 19 kDa or less previously. The extracted maxilla was embedded in 4% carboxymethylcellulose, frozen, and then sectioned frontally or sagittally at the injection point using a cryostat microtome ( Figure 1C ; a-frontal line, b-and c-sagittal lines) according to Hashimoto et al. 25 The 3 H, 14 C-specimens (16 m) of the maxilla were placed on an adhesive sheet and stuck to an intensifying screen (Transcreen LE Carestream Health, Rochester, NY) and an X-ray film (Transcreen LE Carestream Health, Rochester, NY). The exposure condition was 40 days at -80 • C. Autoradiography of the dried acrylamide gel after SDS-PAGE of R-LPS (Figure 2 ) was also conducted in the same manner and condition as for the maxilla. The frontal and sagittal specimens on the sheet were stained with 0.25% eosin. The stained specimens were then placed on top of an autoradiogram of the developed film, and the distribution of 3 H, 14 Cradioactivity in the sections was detected using a scanner.
Statistical analysis
The normalities of distributions for respective data were examined using the Kolmogorov-Smirnov test. Differences between the four groups were assessed using the KruskalWallis H-test with the Steel-Dwass test. A Student's t-test was used for comparisons between two groups of HD and 
RESULTS
Histopathology of the maxilla and liver
After 20 g of unlabeled P. gingivalis-LPS (10 l) was injected daily for 10 days into right palatine gingiva of the first molar in BD or HD rats, histopathological observation of the maxilla and liver were conducted using H-E stained sections. Epithelial hyperplasia and rete ridge elongation were observed in LPS (+) BD and HD rats (Figures 3B, 3E ). Disorder in the direction of the connective tissue fiber stained with eosin dye was also observed below the junctional epithelium. In addition, LPS (+) groups showed a greater infiltration of inflammatory cells in the gingival connective tissue compared to LPS (-) groups in high magnification images (Figures 3C,  3F ; × 400). In contrast, although the LPS (-) group did not exhibit characteristics like the LPS (+) group, the presence of a small number of inflammatory cells in the connective tissue was confirmed (Figures 3A, 3D) .
In liver sections, slight perivenous lipid deposition and a few infiltrating inflammatory cells were observed in the BD/LPS (+) group ( Figure 3H ) in contrast to the BD/LPS (-) group ( Figure 3G ). The HD/LPS (-) group showed moderate lipid deposition with small fat droplets ( Figure 3J ). On the other hand, more severe lipid deposition, several large fat droplets, some focal necrosis with inflammatory cells (Figure 3L ), and numerous ballooning degenerations (Figure 3L) were confirmed around the central vein in the HD/LPS (+) group ( Figure 3K) . Furthermore, total NAS of the liver was significantly higher in the HD/LPS (+) group than the HD/LPS (-) group (4.95 ± 0.21 and 2.57 ± 0.34, respectively; P < 0.01; n = 7) ( Figure 3M ). As with HD rats, NAS in the BD/LPS (+) group was higher than that in the BD/LPS (-) group (1.71 ± 0.20 and 0.33 ± 0.18, respectively; P < 0.01). These results showed that HD feeding and P. gingivalis-LPS injection accelerated the progression from simple steatosis to NASH.
Distribution of R-LPS in the maxilla, organs, and serum
Ten microliters of 3 H, 14 C-labeled R-LPS ( 3 H; 4.84 kBq and 14 C; 36.0 Bq/122 g) from P. gingivalis was injected into the right palatine gingiva of BD or HD rats, and the amount of total 3 H and 14 C-radioactivity in the maxilla, other organs, and serum at 5, 30, 60 minutes, and 24 hours were measured (Figure 4) .
The maxilla was divided into a total of eight sections of the right and left of palatal mucosa, incisive region, maxillary region, and soft-palatal region. The total radioactivity in the LPS-injected side of the maxilla in BD rats at 5 minutes after injection was 27,964 ± 4462 cpm, which was 66.6 times that (420 ± 38 cpm) of the noninjected side. A similar tendency was confirmed in HD rats. As R-LPS level was barely detected in the noninjected side, the pharmacokinetics of LPS in the maxillary tissue was indicated by R-LPS level in the LPS-injected side.
F I G U R E 3
Pathological effects of LPS on the maxilla, liver, and nonalcoholic fatty liver disease (NAFLD) activity score (NAS) of rats fed with BD or HD. To evaluate the relationship between LPS-effects and diet-induced obesity on the right maxilla and caudate lobe of the liver, the palatal gingiva proximal to the first molar of rats fed BD (10% fat, 70% carbohydrate, 20% protein) or HD (60% fat, 20% carbohydrate, 20% protein) for 12 weeks was injected daily with or without 10 L of LPS for the final 10 days. After the injection, the right of maxilla and caudate liver were extracted, and stained with hematoxylin and eosin (H-E). 13 The number of inflammatory cells (16.67 ± 2.73/glide of 13 mm 2 , P < 0.01) in HD/LPS (+) rats were higher than that (11.67 ± 2.07) in BD/LPS (+) rats. However, no significant difference in cell number was observed between the BD/LPS (-) and HD-LPS (-) groups (8.17 ± 1.16 and 7.83 ± 1.47). NAS was evaluated according to the criteria of Kleiner et al. 27 as in the previous study. 12 M: Total NAS in individual rats was calculated as the sum of three scores of steatosis, inflammation, and ballooning hepatocyte and is shown in terms of means and standard deviation of intra-group scores. * P < 0.05 (n = 7)
F I G U R E 4 Distribution and pharmacokinetics of R-LPS in the LPS-injected side of maxilla, organs and serum of BD or HD rats after injection with R-LPS. After 10 L of R-LPS ( 3 H; 483.6 kBq and 14 C; 3.6 kBq/mL) (12.2 mg/mL) was injected into the right palatine gingiva proximal to the first molar, A) the radioactivity (cpm/g tissue) in the LPS-injected side of incisive region, palatal mucosa, maxillary region, and soft-palatal region of the rats fed BD (left) or HD (right) was measured at 5, 30, 60 minutes, and 24 hours. B) The radioactivity in the brain, liver, spleen, and kidney of the animals fed BD (left) or HD (right) was measured at the same time. C) The amount of radioactivity (cpm/mL) in the serum of BD (left) or HD (right) animals was also measured over time. * P < 0.05 (n = 6)
As shown in Figure 4A , the radioactivity localized mostly in the LPS-injected side of palatal mucosa of BD rats after 30, 60 minutes, and 24 hours quickly decreased to 22.9, 17.0, and 15.0% of that at 5 minutes, respectively. On the other hand, amounts in the palatal mucosa of HD rats slowly decreased until 24 hours. The radioactivity in the tissue of HD animals even after 24 hours remained at more than 24.7% of the level at 5 minutes. Radioactivity levels in the HD rats at 30, 60 minutes, and 24 hours were significantly higher by 2.8, 2.9, and 1.7 times than those in the BD animals, respectively (P < 0.05; n = 6, Table 1 ).
Radioactivity in organs of both BD and HD rats was mostly distributed in the liver throughout the experimental period ( Figure 4B) . Radioactivity in the liver of BD rats reached maximum at 30 minutes and gradually declined until 24 hours. The radioactivity level at 24 hours was 65.9% of the 30 minutes value. In comparison, the maximum radioactivity was observed after 60 minutes in the HD liver. Minimal differences were observed between values at 30, 60 minutes, and after 24 hours, and more than 90% of the 30 minutes value remained in the liver. Radioactivity levels in the liver of HD rats at 60 minutes and 24 hours were higher by 25.9 and 34.8% as compared to those of BD rats, respectively (P < 0.05: n = 6, Table 1 ). The spleen of both the BD and HD rats had the next highest radioactivity level after the liver ( Figure 4B ). As in the liver, radioactivity levels in the spleen of HD rats at 30, 60 minutes and 24 hours were 3 times or greater than those in BD rats (Table 1 ). In the kidney and brain of HD rats, significant radioactivity levels (33.5 ± 10.5 and 29.1 ± 6.3 cpm/g tissue, respectively) were detected after 24 hours.
Radioactivity in serum of BD rats was the highest at 30 minutes, whereas the maximum value in the HD rat serum was detected 60 minutes after injection ( Figure 4C ). The radioactivity level in the BD rat serum at 30 minutes was significantly higher (2.2 times) and appeared more quickly than that in the HD rat serum after injection of R-LPS (P < 0.05; n = 6, Table 1 ). Figure 5A shows the distribution of R-LPS in frontal and sagittal sections at the injection point of the maxilla ( Figure 1C ) after the injection of 3 H, 14 C-labeled R-LPS into the LPS-injected side of palatine gingiva of HD rats. At 5 minutes after injection, R-LPS diffused into the palatine mucosa and hard palate in the LPS-injected side of maxilla. After 60 minutes, the R-LPS remained in the palatine mucosa. Furthermore, R-LPS migrated and reached the interdental space between the first and second molars ( Figure 5B ). The amount of radioactivity was maintained at the interdental region and the periodontal ligament space of the first molar even after 60 minutes. 5 or 60 minutes after injection. The maxilla was embedded in 4% carboxymethylcellulose, frozen, and then sectioned frontally or sagittally at the injection point using a cryostat microtome according to Hashimoto et al. 25 A) The maxilla including the injection point was sectioned frontally and sagittally along the a-and b-solid lines in Figure 1 . B) To observe the migration of R-LPS into the interdental space between the first and second molars, the row of molars in the right maxilla was sagittally sectioned along the c-solid line in Figure 1 . The injection point is indicated by the red star. The frontal and sagittal specimens (16 m) were exposed to a XAR-film for 40 days at -80 • C. All specimens were stained with 0.25% eosin. The frontal and sagittal specimens were placed on top of autoradiograms of the XAR-film and were scanned using a scanner with transmitted (A) or reflected (B) light
Autoradiogram of the maxilla in HD rats
DISCUSSION
It has been reported that various factors are associated with the onset and progression of NASH, 5, 28 and that endotoxemia derived from Enterobacteriaceae also plays a role in the pathogenesis of NASH. 13, 16, 17 It is known that endotoxemia is derived from not only Enterobacteriaceae but also oral bacteria in periodontitis. 29, 30 P. gingivalis plays a central role in the progression of chronic periodontitis. 9 LPS and various proteases produced from P. gingivalis are known to be associated with many systemic diseases as well as periodontitis. 10, 31, 32 Previous animal experiments showed that the intravenous injection 10 and application of P. gingivalis via the dental pulp 11 exacerbated steatohepatitis in HD fed mouse models. Further, we reported that a P. gingivalis infection model of periodontitis in HD rats induced the onset of NASH, and we also proposed that P. gingivalis as well as its LPS play an important role in the relationship between periodontitis and NASH. 12, 26 In this study, when LPS from P. gingivalis was injected into the palatine gingiva of BD and HD rats, epithelial hyperplasia, rete ridge elongation, collagen destruction, and infiltration of inflammatory cells were distinctly observed in the interdental gingiva of both BD/LPS (+) and HD/LPS (+) animals ( Figures 3B, 3C, 3E, 3F ). This result did not contradict reports that P. gingivalis-LPS resulted in significant alveolar bone loss and periodontitis after injection into the maxilla of diabetes rats. 20, 21 On the other hand, HD observed to develop mild fatty liver ( Figure 3J ), like previous reports. 12, 26 Injection of P. gingivalis-LPS into the maxilla significantly increased severe lipid deposition, large fat droplets, focal necrosis with inflammatory cells (Figure 3L ), and numerous ballooning ( Figure 3L ) in the fatty liver of HD rats compared to BD rats ( Figures 3H, 3I ). The hepatitis induced by P. gingivalis-LPS injection resulted in a high NAS value, leading to a NASH designation ( Figure 3M ). Isogai et al. 33 reported that 10 g of P. gingivalis-LPS injected into the maxillary oral vestibular mucosa of normal mice induced inflammation and edema; moreover, its intravenous injection (100 g) resulted in necrotic lesions with many thrombi in the liver. Although there are some differences between these and our experiments regarding animal species and feeding conditions, the results on the histopathological effects of P. gingivalis-LPS were consistent with our experimental results.
Following intravenous injection, LPS is taken up from the circulation by phagocytic cells mainly in the liver and spleen. [34] [35] [36] Furthermore, it was reported that 3 H-and 14 Clabeled LPS was mainly localized in the liver and spleen of normal rats after either intravenous or intraperitoneal injection of radiolabeled LPS from Salmonella. enterica serotype abortus equi 37 or S. typhimurium 22 , respectively.
In the present study, following injection of 3 H, 14 C-labeled LPS (R-LPS) into the palatine gingiva of BD and HD rats, more than 77% of R-LPS radioactivity in the maxilla of both BD/LPS (+) and HD/LPS (+) was localized in the palatal mucosa, hard palate, and interdental gingiva after 5 minutes ( Figure 4A ). The amount of R-LPS radioactivity in the LPS-injected side of palatal mucosa of HD/LPS (+) rats increased in a time-dependent manner, and was 2.8, 2.9, and 1.7 times higher than that of BD/LPS (+) animals after 30, 60 minutes, and 24 hours, respectively (Table 1) . On the autoradiogram, the radioactivity in the maxilla of HD/R-LPS rats was maintained after 60 minutes ( Figure 5 ). The frontal and sagittal autoradiograms of the maxilla suggested spreading of gingiva-injected LPS to other tissues and organs such as the liver. Further study is needed to confirm that LPS can penetrate gingival tissue from periodontal pockets.
In comparison, the highest level of radioactivity in the organs (brain, liver, spleen, and kidney) was observed in the liver through 24 hours ( Figure 4B ). The present result clearly indicates that the pharmacokinetics of R-LPS radioactivity from P. gingivalis in the liver was analogous to that from S. typhimurium. 22 The R-LPS radioactivity in the liver of HD/LPS (+) rats was the highest after 60 minutes, and at 35% was significantly higher than that of BD/LPS (+) rats even after 24 hours (Table 1 ). Furthermore, the radioactivity level in the spleen of HD/LPS (+) rats was more than 3 times higher than that of BD/LPS (+) animals. Significant radioactivity was detected in the kidney and brain of HD rats after 24 hours ( Figure 4B ). In contrast, the radioactivity level of R-LPS in BD rat serum 30 minutes after LPS administration was equivalent to 0.839 ± 0.125 g/ml and 2.2 times higher than that of HD rats ( Figure 4C ). This suggests that BD rats may have less adipose tissue, including macrophages, compared to HD rats, and LPS may more easily enter the blood from the palate gingiva administration site. These results suggested that P. gingivalis-LPS injected into the maxilla likely remained in the palatal mucosa and liver, and its accumulation was increased in both tissues in HD obese rats. Therefore, it was presumed that administration of P. gingivalis-LPS via the maxilla of HD rats resulted in the exacerbation of not only periodontitis but also steatohepatitis leading to NASH. The increased accumulation of P. gingivalis-LPS in obese rats may be derived from an increment of fatty tissues or LPS-receptors on the cell surface (CD14, MD-2, and TLR4 and TLR2). [38] [39] [40] LPS is composed of a long carbohydrate chain (O-antigen), a core polysaccharide and lipid A. Lipid A has chains of fatty acids attached to a disaccharide. Kim et al. 22 confirmed that the 3 H-fatty acid and 14 Cglucosamine regions of lipid A in S. typhimurium-LPS were biosynthesized using 3 H-sodium acetate and 14 C-N-acetyl-Dglucosamine as a precursor, respectively. In the present study, the 3 H/ 14 C-radioactive ratio (128.5) of the purified doublelabeled P. gingivalis-LPS did not markedly change in the maxilla (158.9 ± 9.3), but decreased to about one-half in the liver (60.1 ± 15.0) after 24 hours. This result shows the same tendency as the result of Kim et al. 22 and demonstrated that lipid A of P. gingivalis-LPS was degraded in the liver. Thus, additional research is required to further detail the metabolites of P. gingivalis-LPS in various organs.
CONCLUSION
The present study demonstrated for the first time that P. gingivalis-LPS injected via the oral mucosa specifically accumulated in the maxilla, and induced the onset of NASH in the liver of HD fed rats. Furthermore, we suggest that P. gingivalis and its LPS play a critical role in the relationship between periodontitis and NASH.
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